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(54) An automatic antiglare mirror 

(57) An autonnatic antiglare mirror for a vehicle with 
its reflectivity being variably controlled by an electrochro- 
mic element includes a rear light detection circuit (1 2) for 
detecting quantity of light in the rear of the vehicle, a col- 
oration amount control circuit (16) for controlling an 
amount of coloration of the electrochromic element and 
a response speed control circuit (34) fbr controlling 
response speed of the electrochromic element. The col- 
oration amount control circuit (16) performs control of the 
amount of coloration in such a manner that, when quan- 
tity of rear light is smaller, the amount of coloration of the 
electrochromic element is smaller whereas, when the 
quantity of rear light is larger, the amount of coloration of 
the electrochromic element is larger. The response 
speed control circuit (34) performs control of the 
response speed in such a manner that, when the quantity 
of rear light is smaller, the response speed of the elec- 
trochromic element in a color imparting direction is lower 
whereas, when the quantity of rear light is larger, the 
response speed of the elecb-ochromic element in the 
color imparting direction is higher. 
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Description 

This invention relates to an automatic antiglare nrdn-or, i.e.. an electrochromic (hereinafter abbreviated as "EC") 
antiglare mirror used as an inside or outside mirror of a vehicle and. more particularly, to an EC antiglare mirror capable 
5 of preventing excessively frequent change or excessively great change in reflectivity relative to a slight change in light 
which is inritating to a driver of a vehicle and also capable of reducing glare of light by immediate coloring when glare of 
rear light has suddenly increased by, for example, headlights of a succeeding vehicle while running at night. 

An EC antiglare mirror is made by covering the front surface of the reflecting surface of a mirror with an EC element 
film and achieves an antiglare effect against light from headlights of a succeeding vehicle while running at night by 
10 changing tiie amount of coloration of the EC element and thereby controlling reflectivity of the min^or. For obtaining such 
antiglare effect, the EC antiglare min'or has its amount of coloration automatically controlled in such a manner that, upon 
detection of quantity of incident rear light, the amount of coloration increases (i.e., reflectivity decreases) when the rear 
light is strong whereas the amount of coloration decreases (the color fades, i.e.. reflectivity increases) when the rear 
light is weak. 

75 As an exannple of a drive device for an EC antiglare min-or, there is Japanese Patent Application No. 99291/1994 
filed by the same assignee of the present invention, in this device, amounts of surrounding light and rear light are 
detected, a pulse signal is produced whose duty factor is changed in accordance with these amounts and reflectivity of 
the min^or is continuously changed by driving the EC element in response to tills pulse signal. Fig. 2 is a control block 
diagram showing tiiis EC antiglare mirror drive device Is shown in Fig. 2. 

20 A surrounding light quantity detection circuit 10 detects quantity of light surrounding a vehicle and is disposed in a 
mirror housing of, for example, an inside or outside mirror facing fbnA^ard of the vehicle. A rear light quantity detection 
circuit 12 detects quantity of light from the rear of tiie vehicle and Is disposed in the mirror housing feeing rearward of 
the vehicle. 

An oscillation circuit 14 generates oscillation signals of "H" level and "L" level alternately and repeatedly The oscil- 
25 lation circuit 14 is so constructed tiiat duration of the "H" level and duration of the "L" level can be indivkiually controlled. 
Oscillation period of tiie oscillation circuit 1 4 should preferably be 1 0 ms or below for concealing the glare of the light in 
fading and imparting of color from the human eye. An inversion period control circuit 1 6 variably controls duration of one 
' of tiie "H" and "L" levels of the oscillation signals generated by the oscillation circuit 1 4 in response to tiie light quantity 
detected by ttie surrounding light quantity detection circuit 1 0. The inversion period control circuit 16 variably controls 
30 duration of tiie ottier of the "H" and "L" levels of tiie oscillation signals generated by tiie oscillation drcuit 14 in response 
to tiie light quantity detected by the rear light quantity detection circuit 12. 

An EC element 20 is formed in tiie form of a film on the front surface of tiie mirror A drive power source 22 supplies 
a drive power to the oscillation circuit 14 and the EC element 20. An EC element drive circuit 24 inverts the polarity of 
the drive voltage supplied from the drive power source 22 and applies the inverted voltage to the EC element 20 in 
35 accordance witti the level of an oscillation signal generated by the oscillation circuit 1 4. thereby controlling the amount 
of coloration in accordance with duty factor of tiie oscillation signal. 

The control of duty factor by the inversion period control circuit 16 is as follows: 

The inversion period control circuit 1 6 performs control, when tiie EC element drive circuit 24 is so set tiiat it drives 
the EC element 20 in a color imparting direction at the one level of tiie oscillation signal and in a color fading direction 

40 at the ottier level of tiie oscillation signal, in such a manner that, when the surrounding light quantity is larger, the duration 
of tiie one level is shorter and, when ttie surrounding light quantity is smaller, the duration of the one level is longer and 
that, when tiie rear light quantity is larger, the duration of the other level is shorter and. when the rear light quantity is 
smaller, the duration of ttie ottier level is larger and. when ttie EC element drive circuit 24 is so set tiiat it drives ttie EC 
element 20 In a color fading direction at the one level of the oscillation signal and in a color Imparting direction at tiie 

45 other level of tiie oscillation signal, in such a manner tiiat. when tiie surrounding light quantity is larger, the duration of 
the one level is longer and. when tiie surrounding light quantity is smaller, tiie duration of tiie one level is shorter and 
that, when ttie rear light quantity is larger, ttie duration of the other level is longer and. when ttie rear light quantity is 
smaller, ttie duration of tiie other level is shorter. 

By tills control, tiie amount of coloration is continuously controlled. That is, when tiie surrounding light is weak. 

50 sensitivity to tiie rear light increases and tiie amount of coloration increases witti increase of the rear light quantity so 
that reflectivity drops and an antiglare state is realized. When tiie sun-ounding light is strong, sensitivity to ttie rear light 
decreases witti resulting increase in difficulty in coloration and maintenance of a high reflectivity. 

A specific example of the EC element drive circuit 24 Is shown in Fig. 3. In the oscillati on signal provided b y tiie^ 

oscillation.drcuitJl4-of-Fig.-2,-a6 shown in Fig.-4rperiod ti of "H" level'chc^^^^^^ rear light quantity (i.e.. 

55 the period becomes shorter as the light quantity increases) and period t2 of "L" level changes In response to surrounding 
light quantity (i.e.. tiie period becomes shorter as ttie light quantity increases). 

The EC element drive circuit 24 has two switching transistors Q1 and 02 which are complementary push-pull con- 
nected between positive and negative power source voltages of about + 1 .6V and - 1 .6V. Resistances R6 and R7 are 
connected in series between ttie power supply line of about + 1 .6V and ttie output terminal of ttie oscillation circuit 14 
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and voHage a! the junction of the resistances R6 and R7 is applied to the base of the transistor Q1 . Resistances R8 and 
R9 are connected in series between the power supply One of about - 1 .6V and the output temiinal of the oscillation circuit 
14 and voltage at the junction of the resistances R8 and R9 is applied to the base of the transistor Q2. By adopting this 
construction, when the output of the oscillation circuit 1 4 is at the "H" level, the transistor Q1 is turned off and the transistor 

5 02 is turned on thereby supplying energy in the color fading direction to the EC element 20. When the output of the 
oscillation circuft 1 4 is at the "L" level, the transistor Q1 is turned on and the transistor 02 is turned off thereby supplying 
energy in the color imparting direction to the EC element 20. Since resistances RIO and R11 which constitute energy 
supply restricting elements are connected in series to the tranmstors 01 and 02, supply of energy (supply of cunrent) 
in the color imparting and color fading Erections is restricted whereby power consumption and heating of the EC element 

10 20 are restricted. Since the EC element 20 is electrically the same as capacity, time constant circuits are established 
with the resistances RIO and R11 (R10 and R1 1 are respectively ) whereby speed of response in color imparting 
and color fading is reduced. Accordingly, while running at night, too frequent repetition of coloration and color fading 
which is caused by street lights, shop lights and headlights of vehicles running on the opposite lane and is rather inritating 
to the human sense can be effectively prevented. 

75 Relation between the duty factor ( t1 /(tl -i- 12) } of the drive pulse produced by the EC element drive circuit 24 of Ftg. 
3 and reflectivity of the mirror is shown in Fig. 5. in this circuit as the duty factor of an input pulse signal increases, the 
EC element 20 is driven in the color Ming direction and reflectivity therefore increases whereas as the duty fiactor 
decreases, the EC element is driven in the color inrparting direction and reflectivity therefore decreases. When the duty 
factor has ^ceeded a certain value (point b), the reflectivity of the mirror becomes constant at the highest reflectivity 

20 (e.g., 70%) whereas, when the duty fector has become lower than a certain point (point a), the reflectivity of the mirror 
becomes constant at the lowest reflectivity (e.g., 10%). The region between the point a and the point b is a region in 
which the reflectivity changes continuously (hereinafter referred to as "continuously changing reflectivity region**). In the 
continuously changing ref lectiviy region, the ratio of change of the mirror reflectivity to the duty factor becomes substan- 
tially constant 

25 According to the EC element drive circuit 24 of Rg. 3, the color imparting current supplied to the EC element 20 is 
restricted by the resistance RIO and, therefore, when glare by rear light has suddenly increased at night the mirror is 
not Immediately colored in response to the increase of glare and this irritates a driver of a vehicle. This problem will be 
overcome if resistance 10 is reduced to a small value because this will increase the speed of response in the color 
imparting direction. If, however, values of resistances RIO and R11 are reduced, imparting and fading of color will be 
' 30 repeated too frequently In response even to a slight change in light and this will be also Irritating to the driver. Further, 
if the values of the resistances RIO and R11 are made small, as shown in Fig. 6. the ratio of change in the mirror 
reflectivity to change in ttie dufy factor becomes large (the ratio of change in tiie minror reflectivity changes even if ttie 
duty factor remains the same because the amount of energy supplied to tiie minor changes by changing the value of 
cunrent supplied to ttie mimor) and, as a result, the continuously changing r^lectivity region is narrowed and reflectivity 

35 th&etore changes largely to a slight change in ttie quantity of light and ttiis becomes anottier cause of irritation to ttie 
driver. 

it is, therefore, an object of the invention to provide an automatic antiglare min'or which is capable of preventing an 
excessively frequent change in reflectivity to a slight change in ttie light quantity which is irritating to a driver and which 
is also improved in response to sudden increase in glare from tiie rear caused by headlights of a succeeding vehicle 

40 while running at night so ttiat ttie mirror will be colored immediately to mitigate the glare. 

For achieving ttie above descrbed object of ttie invention ttiere is provided an automatic antiglare mirror for a vehicle 
witti its r^iectivity being variably controlled by an electrochromic element comprising at least rear light detection means 
for detecting quantity of light in ttie rear of ttie vehicle, coloration amount control means for controlling an amount of 
cotoration of ttie electrochromic element and response speed control means fDr controlling response speed of ttie 

46 electrochromic element said cotoration amount control means peiforming control of the amount of coiorati(^ in such a 
manner ttiat, when quantity of rear light is smaller, the amount of cotoration of ttie electrochromic element is smaller 
whereas, when ttie quantity of rear fight is larger, the amount of coloration of ttie electrochromic element is laiger. and 
said response speed control means performs control of the response speed in such a manner that, when ttie quantity 
of rear light is smaller, ttie response speed of tiie electrochromic element in a color imparting direction Is lower whereas. 

50 when ttie quantity of rear light is larger, flie response speed of ttie electrochromic element in ttie odor imparting direclion 
is higher. 

According to ttie inventton, tiie response speed of the electrochromic element In ttie color imparting direction Is 
lower when the quantity of rear light is smaller and. therefore, too frequent change in reflec tivity to a slight change in ttie 

qufmtity^oyghtjcan in the color imparting 

55 direction is higher when the quantity of rear light is larger and. therefore, ttie electrochromic element is colored imme- 
diately to mitigate glare when headlights are suddenly illuminated from ttie rear at night. 

In one aspect of the invention, ttiere is provided an automatic antiglare mirror including an electrochromic element 
wherein its reflectivity is variably controlled by driving tiie electrochromic element by a pulse voltage and changing duty 
facta of the pulse vottage in response at least to quantity of rear light s that when the quantity of rear light is smaller. 
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an amount of coloration of the electrochromic element is smaller whereas, when the quantity of rear light is larger, the 
amount of coloration of the electrochromic element is larger, said automatic antiglare mirror comprising reflectivity 
change ratio changing means tor changing ratio of change in the reflectivity to the duty factor of the pulse voltage in 
such a manner that, when a duty factor in a color imparting direction is smaller or a duty factor in a color fading direction 
5 is larger, the ratio of change in the reflectivity to the duty factor is smaller whereas, when the duty fector in the color 
imparting direction is larger or the duty factor in the color tading direction is smaller, the ratio of change in the reflectivity 
to the duty factor is larger. 

According to this aspect of the invention, in driving the electrochromic element, the ratio of change In reflectivity to 
the duty factor of the pulse voltage is smaller when the duty factor in the color imparting direction (the amount of coloration 
10 increases with the duty factor) is smaller or the duty factor In the color fading direction (the amount of color fading 
increases with the duty factor) is larger. By this arrangement, a large change in reflectivity to a slight change in the 
quantity of light can be prevented. Besides, since the ratio of change In reflectivity to the duty factor is larger when the 
duty factor in the color imparting direction is larger or the duty factor in the color fading direction Is smaller, the reflectivity 
decreases largely to mitigate glare when headlights are suddenly illuminated from the rear at night. 
IS In another aspect of tiie invention, an automatic antiglare min^or including an electrochromic element wherein its 
reflectivity is variably conf oiled by driving the electrochromic element by a pulse voltage and changing duty factor of 
the pulse voltage in response at least to quantity of rear light so that, when tiie quantity of rear light is smaller, an amount 
of coloration of the electrochromic element is smaller whereas, when the quantity of rear light is larger, tiie amount of 
coloration of the electrochromic element is larger, said automatic antiglare min'or comprising current value control means 
20 for controlling a current value of tiie pulse voltage driving tiie electrochromic element in such a manner tiiat. when tiie 
quantity of rear light is smaller, the current value of the pulse voltage in a color imparting direction is smaller whereas, 
when the quantity of rear light is larger, the current value Is larger. 

According to tills aspect of tiie Invention, in driving tiie electrochromic element by tiie pulse voltage, the current 
value of tiie pulse voltage in tiie color imparting direction is smaller when ttie quantity of rear light is smaller and, therefore. 
2S too frequent change in the reflectivity to a slight change in tiie quantity of light and a large change in the reflectivity can 
be prevented. Besides, since the cun-ent value of tiie pulse voltage in the color imparting direction is larger when tiie 
quantity of rear light is larger, the reflectivity decreases immediately and largely to mitigate glare when headlights are 
suddenly Illuminated from tiie rear at night. 

In still anottier aspect of tiie invention, in ttie automatic antiglare mirror of this aspect of the invention, said current 
30 value control means controls the current value in response to ttie duty factor of the pulse voltage. 

According to tills aspect of tiie invention, tiie invention can be realized easily k>y controlling the cun^ent value of tiie 
pulse voltage in response to the duty factor of the pulse voltage. 

Prefenred embodiments of ttie invention will be described below witti reference to tiie accompanying drawings. 

in ttie accompanying drawings, 

35 

Fig. 1 is a block diagram showing an embodiment of the invention; 
Fig. 2 is a block diagram showing a prior art device; 

Fig. 3 is a circuit diagram showing a specific example of an EC element drive circuit 12 shown in Fig. 2; 
Fig. 4 is a waveform diagram showing an oscillation output of an oscillation circuit 14 shown in Rgs. 1 and 2; 
40 Fig. 5 is a diagram showing change characteristic of minror reflectivity to duty factor of ttie prior art device of Rg. 2 
on the basis of the oscillation output of Fig. 4; 

Fig. 6 is a diagram showing change characteristic of min-or reflectivity by resistances RIO and R1 1 ; 
Fig. 7 is a diagram showing change characteristic of mirror reflectivity to tiie duty factor of tiie device of Fig. 1 on 
the basis of tiie oscillation output of Fig. 4; 
45 Fig. 8 is a circuit diagram showing a specific example of the embodiment of Fig. 1 ; 
Fig. 9A is a circuit diagram showing a basic type circuit of ttie oscillation circuit 14; 
Fig. 9B is a waveform diagram showing an oscillation signal; 

Fig. 1 0A is a circuit diagram showing the oscillation circuit 14 of Rg. 8 and explaining the principle of changing of 
the duty factor; 

so Rg. 1 0B is a waveform diagram showing an oscillation signal; 
Fig. 1 1 is a diagram showing characteristic of CdS; 

Figs. 12A, 12B and 12C are waveform diagrams showing change In the oscillation output of the oscillation circuit 
1 4 of Fig, 8 due to relation between quantity of surrounding light and quantity of rear lightj 

Rg. J 3 Js.a diagram showing an ideal division between a color Impairtihg area and a coloTfading area due to relation 

55 between ttie quantity of surrounding light and the quantity of rear light; and 

Fig. 14 is a time chart showing an operation of a color imparting cunrent change circuit 34. 

Fig. 1 shows an embodiment of ttie invention. A surrounding light quantity detection circuit 10 detects quantity of 
light surrounding a vehicle and is disposed in a mirror housing of. for example, an inside or outside mirror facing fbnvard 
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of the vehide. A rear I ight quantity detection circuit 1 2 detects quantity of light from the rear of the vehicle and is disposed 
in the mirror housing facing rearward of the vehida 

An osdilation drcuit 14 generates osdflation signals of "l-T level and V le^el alternately and repeatedly. The osdl- 
lalion drcuit 1 4 is so constructed that duration of the "IH" level and duration of the "L" level can be individually controlled. 

5 Oscillation period of the osdilati n drcuit 14 ^ould preferably be 1 0 ms or bdow for concealing the glare of the light in 
fading and Imparting of color from the human eye. An inversion period control drcuit 16 variably controls duration of one 
of the "H" and "L" levels of the osdilation signals generated by the osdilation drcuit 1 4 in response to the light quantity 
detected by the sumounding fight quantity detection drcuit 10. The inverston period control drcuit 16 variably controls 
duration of the other of the "H" and "L" levels of the oscillation signals generated by the osdilation drcuit 14 in response 

10 to the light quantity detected by the rear light quantity detedion drcuit 12. 

An EC element 20 is Ibrmed in the form of a fim on the front surface of the minor. A drive power source 22 supplies 
a drive power to the osdilation drcuit 14. an EC e!«7ient drive drcuit 24 and a color imparting cun^ent changing drcuit 
34. The EC dement drive drcuit 24 inverts the polarity of the drive voltage supplied from the drive power source 22 and 
applies the inverted vdtage to the EC element 20 in accordance with the level of an oscillation signal generated by the 

15 osdilation drciat 14, thereby controlling the amount of coloration in accordance with duty factor of the oscillation signal. 
The contrd of duty factor by the inversion period control drcuit 16 is as follows: 

Hie inversion period control circuit 16 performs control when the EC element drive drcuit 24 is so set that it drives 
the EC element 20 in a color imparting direction at the one Iwel of the osdilation signal and in a color fading direction 
at the other level of the osdilation signal, in such a manner that when the sun^ounding light quantity is larger, the duration 

20 of the one level is shorter and, when the surrounding light quantity is smaller, the duration of the one level is longer and 
that, when the rear light quantity is larger, the duration of the other level is shorter and, when the rear light quantity is 
smaller, the duration of the other level is larger and, when the EC element drive drcuit 24 is so set that it drives the EC 
element 20 in a color fading direction at the one level of the oscillation signal and in a color imparting direction at the 
other le^el of the oscillation signal, in such a manner that, when the surrounding light qMsntity is larger, the duration of 

25 the one level is longer and, when the surrouncfing light quantity is smaller, the duration of the one level is shorter and 
that, when the rear light quantity is larger, the duration of the other level is longer and. when the rear light quantity is 
smaller, the duration of the other level is shorter. 

By this contrd, the amount of coloration is continuously controlled. TTiat is, when the sunrounding light is weak, 
seristtiyjty to the rear light increases and the amount of coloration increases with increase of the rear light 

30 that ref lectivity drops and an antiglare state is realized. When the surrounding light Is strong, sensitivity to the rear light 
decreases with resulting increase in diffioilty in coloration and maintenance of a high reflectivity. 

The cdor imparting current changing circuit 34 constitutes the response speed control means or the reflectivity 
changing ratio changing means or the current value control means. The cdor imparting cunrent changing drcuit 34 
supplies, in parallel with the EC dement drive drcuit 24. a drive cunrent in the color imparting direction to the EC element 

35 20. By turning on and off this drcuit 34 automatically in response to the deteded quantity of light, the value of the drive 
current in the color imparting direction supplied to the EC element 20 Is changed. When, for example, the rear light 
quantity is small, the cofor imparting cun-ent changing circuit 34 is off thereby causing the drive current from the EC 
element drive drcuit 24 only to be supplied to the EC element 20 whereas when the rear light quantity is large (for 
example, glare from the rear suddenly takes place at night), the color imparting cun'ent changing circuit 34 ^ turned on 

40 and, in this case, drive cun^ents from both the EC element drive drcuit 24 and the cdor imparting current changing drcuit 
34 are supplied to the EC element 20. 

The color imparting current changing drcuit 34 consists of a cdor inrparting current change judgement drcuit 36 
and a cdor imparting current changing EC dement drive drcuit 38. The color imparting current change judgement drcuit 
36 receives an osdilation signal generated by the osdilation drcuit 1 4 and, in response to the duty factor of the osdilation 

46 signal, judges whether a drive current should be supplied from the color imparting current changing EC element drive 
circuit 38 or not. The cofor imparting current changing EC element drive circuit 38 supplies the drive current to the EC 
element 20 in response to the output dgnal of the cofor imparting current change juc^ement drcuit 36. 

Relation between the duty factor of ttie drive pulse of the EC antiglare mirror drive device of Fig. 1 (i.e.. the output 
pulse of the osdilation drcuit 14) and the r^lectivity of tiie mim>r is shown in Rg. 7. In tills figure, as in Rg. 4. "H" of the 

50 drive pulse con'esponds to a drive in the cdor fading direction and 'L" corresponds to a drive in the cdor imparting 
direction. Therefore, as tiie duty factor increases, tiie amount of drive in the color fading direction inaeases so fhaX 
reflectivity inaeases whereas as ttie duty fador decreases, the amount of drive in tiie color imparting direction increases 
so ttiat reflectivity deaeases. 

^According to Fig.-7.in a region in which the duty facti^ oon-esponding t a predetennined 

SB reflectivity R% (e.g.. reflectivity of 35% to 45% is pradicaily optimum), tiie color imparting current drive drcuit 34 is 
turned off thereby causing the drive cun-ent from tiie EC dement drive drcuit 24 only to be supplied and. in a region in 
which the duty factor lower tiian the duty factor e, tite drive cun'ents from botti the EC dement drive drcuit 24 and the 
color imparting current changing ctrcuit 34 are SMpplied. Accordingly, when ttie duty factor Is higher than e (i.e., when 
the rear light quantity is smaller assuming that ttie surrounding light quantity is constant), ttie response speed of ttie EC 
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element 20 to change in the rear light quantity becomes lower and. as a result, too frequent change in reflectivity can 
be prevented. When the duty fector is higher than e (i e.. when the rear light quantity is larger), the response speed of 
the EC element 20 to change in the rear light quantity becomes higher and. as a result, the mirror is colored immediately 
to mitigate glare when glare from the rear suddenly takes place at night. 

5 Further, according to Fig. 7, in a reflectivity continuously changing region between the minimum reflectivity (e.g.. 
10%) and the maximum reflectivity (e.g., 70%), the ratio of change of reflectivity to the duty factor of tfie drive pulse 
changes at the duty factor e in such a manner that in the region in which the duty factor is higher than e. the change of 
reflectivity is gradual whereas in the region in which the duty factor is lower than e, the change of reflectivity is steep. 
Therefore, when the duty factor is higher than e (i.e.. when the rear light quantity is smaller assuming that the sun-ounding 

10 light quantity is constant), the amount of change in reflectivity to the change in the rear light quantity becomes small so 
that too frequent change is prevented. When the duty fector is lower than e (i.e.. when the rear light quantity is larger), 
the amount of change in reflectivity to the change in the rear light quantity becomes large so that reflectivity decreases 
substantially to mitigate glare when glare from the rear suddenly takes place at night. 

A specific example of the EC antiglare min-or drive device of Fig. 1 is shown in Fig. 8. In Fig. 8. the same component 

15 parts as those shown In Fig. 1 are designated by the same reference characters. A drive power source 22 receives dc 
voltage of + 12V from a battery and converts it to a dc voltage of about + 1 .6V in a positive power source circuit 26 and 
also converts it to a dc voltage of about - 1 .6V in a negative power source circuit 28. If these positive and negative power 
source circuits 26 and 28 are constructed of switching power supply circuits, the power source will be efficient, take little 
space in the mirror housing and generate little heat. 

20 An oscillation circuit 14 includes an inversion period control circuit 16 in its feedback loop. The inversion period 
control circuit 16 includes a surrounding light quantity detection device 10 and a rear light quantity detection device 12. 
A basic type oscillation circuit 14 is shown in Rg. 9A. In this circuit 14, two inverters 30 and 32 are connected In series 
and a series circuit of a resistance RO and a capacitor CI is connected between the output terminal of the inverter 30 
and the output terminal of the inverter 32. The input terminal of the inverter 30 is connected to the junction of the resistance 

25 RO and the capacitor CI through a resistance R5. in this circuit 14. the capacitor CI is charged with time constant of 
RO ' CI and the outputs of the inverters 30 and 32 are inverted when this voltage exceeds a threshold level of the 
inverter 30 so that oscillation takes place by repetition of this operation. An oscillation signal provided by the inverter 32 
by this oscillation is shown in Fig. 9B. The oscillation period t of this signal is obtained as t = 2.2 RO • CI . The duty 
factor t1 : t2 of this osdllatiqn signal becomes almost 1 : 1 if the inverters 30 and.32 are constructed of CMOS integrated 

30 Circuits. 

If the resistance RO of Fig. 9 is replaced, as shown in Fig. 10A, by a series circuit of a resistance R01 and a diode 
D1 and a series circuit of a resistance R02 and a diode D2 (arranged in opposite direction to the diode D1). the route 
of flow of the charged cun-ent of the capacitor CI is switched depending upon the direction of charging of the capacitor 
CI . In this case, as shown in Fig. 10B, period t1 of the "H" level and period t2 of the "L" level in the output pulse of the 
35 inverter 32 become respectively 

t1=R02 - CI x 1.1s 
t2oR01 • CI X 1.1s 

40 

SO that the periods t1 and t2 can be individually adjusted by the values of the resistances R01 and R02. 

The oscillation circuit 14 of Fig. 8 is made on the basis of this principle. The inversion period control drcuit 16 in the 
oscillation circuit 14 consists of a color inparting side pulse generation section 16a and a color fading side pulse gen- 
eration section 16b. The color imparting side pulse generation section 16a consists of a CdS 10 which constitutes the 

45 sun-ounding light detection device, a resistance R1 and a diode D1 connected in series to tiiis CdS 1 0, and a resistance 
R2 connected in parallel to the CdS 10. The color fading side pulse generation section 16b consists of a CdS 12 which 
constitutes the rear light detection device, a resistance R3 and a diode D2 connected in series to this CdS 12 and a 
resistance R4 connected in parallel to tiie CdS 12. 

Since CdS has a characteristic simi lar to a visible light range of a human eye, it is most suitable tor a photo-conductive 

so cell used as the surrounding lightdetectiondeviceandtherearlightdetectiondeviceof thepresentinvention. Anexample 
of characteristic of CdS is shown in Fig. 1 1 . According to this figure, CdS has a characteristic according to which tine 
value of resistance deaeases as light quantity increases and value of resistance increases as light quantity decreases. 
Accordingly, in an oscillation signal produced by the oscillation circuit 14 of Fig. 8, as shown in Rg. 4, tiie perio d ti of tiie 

-H-level changes in accordance with the rear light quantity (i:e~it is short^^^ period 

55 t2 of tiie "L" level changes in accordance with the surrounding light quantity (i e., it is shortened as it becomes brighter). 
When tiie surrounding light quantity is equal to ttie rear light quantity, as shown in Rg. 12A. t1 becomes equal to t2. 
When the surrounding light quantity is smaller than the rear light quantity, as shown in Rg. 12C, t1 becomes smaller 
than t2. When the sunrounding light quantity is larger than the rear light quantity, t1 becomes larger than t2. As will be 
described later, color fading energy Is supplied to the EC element 20 during the period t1 and color imparting energy is 
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supplied to the EC element 20 during the period t2 and. accordingly, a color imparting tendency appears when t1 is 

smaller than 12 and a color lading tendency appears when t1 is larger than t2. 

If, in controlling the amount of coloration in accordance with relation between surrounding light quantity and rear 

light quantity, division of a color imparting area and a color fading area is made along a solid line A in Fig. 1 3. there will 
5 arise a case where, when the surrounding light is strong (e.g.. 5 to 30 Ix or over) color is imparted if the rear light is 

strong notwithstanding that there Is no need for coloration. Therefore, rt is desirable that, when it Is bright with the sur- 

rouning light being stronger than a predetermined value, this area should be made a color fading area as shown by a 

chain-and-dot line B regardless of the rear light quantity Further, according to the division of area by the solid line A. 

there will arise a case where, when the surrounding light is very weak (e.g., 0.02 Ix or below), even a very weak light 
10 from the rear will cause coloration. Therefore, it is desirable that, when it is dark with the sun^ounding light being below 

a predetermined value, this area below the predetermined value should be made a color fading area as shown by a 

dotted line C in Fig. 13. 

The resistances R1 and R3 connected in series to the CdS 10 and 12 in Rg. 8 are provided for performing the 
function of the chain-and-dot line B in Fig. 13 and the resistances R2 and R4 connected in parallel to the CdS 10 and 
15 12 are provided for performing the function of the dotted line C in Fig. 13. More specifically, the periods tl and t2 of "H" 
and "L" levels of the oscillation output of the oscillation circuit 14 of Fig. 8 are expressed in the following manner: 

t1 = {(R4 . r12)/(R4 + r12) + R3} • Clxl.1 (1) 

20 t2»{(R2 • r10)/(R2-i-r10)-i-R1} - Clxl.1 (2) 

where rIO represents resistance value of CdS 10 and r12 represents resistance value of CdS 12. 
According to the equation (2), resistance value rIO of CdS 1 0 decreases as the surrounding light becomes stronger 
(see Fig. 1 1) and, therefore, the color imparting energy supply period t2 is shortened. However, since there is the resist- 

25 ance R 1 , the decreasing tendency of the period 12 is weakened as the surrounding light becomes stronger than a certain 
value. Further, according to the equation (1). resistance value r12 of CdS 12 decreases as the rear light becomes 
stronger and, therefore, the color fading energy supply period 11 is shortened. However, since there Is the resistance 
R3, the decreasing tendency of the period 11 is weakened as the rear light becomes stronger than a certain value. 
Consequently, in an area where both the surrounding light and the.rear light are strong, the duty^ctor of the oscillation 

30 signal becomes stable at about 50% and difference between the color Imparting energy and the color feding energy 
becomes small. Assuming now that characteristic of reflectivity of the EC antiglare mirror is so set that the duty factor 
of the oscillation signal exhibits the maximum reflectivity (e.g.. 70%) at 50% or over (i.e.. b » about 50% in Fig. 7). a high 
reflectivity characteristic is realized at the duty factor of about 50% and a color faded state thereby is maintained. 
On the other hand, according to the equation (2) , resistance value r1 0 of of the CdS 1 0 inaeases as the surrounding 

35 light becomes weaker and, therefore, the color imparting energy supply period 12 is prolonged. Since, however, there is 
the resistance R2, the increasing tendency of the period 12 is weakened when the sunrounding light becomes weaker 
than a certain value. Further, according to the equation (1). resistance value r12 of the CdS 12 increases as the rear 
light becomes weaker and, therefore, the color fading energy supply period 11 is prolonged. Since, however, there is the 
resistance R4, the increasing tendency of the period 11 is weakened when the rear light becomes weaker than a certain 

40 value. Consequently, in an area where both the surrounding light and the rear light are weak, the duty factor of the 
oscillation signal becomes stable at about 50% and difference between the color imparting energy and the color bding 
energy tiiereby becomes small. Consequently, the EC antiglare min'or becomes of a substantially high reflectivity char- 
acteristic and the color faded state thereby is maintained. 

In Fig. 8, the oscillation circuit 14 produces oscillation signals having "H level of about + 1 .6V and "L" level of about 

45 • 1 .6V. A capacitor C4 is provided for preventing occunrence of noise on the power supply line. The EC element drive 
circuit 24 has two switching transistors Q1 and Q2 which are complementary push-pull connected between positive and 
negative power source voltages of about + 1 .6V and • 1 .6V. Resistances R6 and R7 are connected in series between 
the power supply line of about -i- 1 .6V and the output terminal of the oscillation circuit 14 and voltage at tiie junction of 
the resistances R6 and R7 is applied to the base of tiie transistor Q1 . Resistances R8 and R9 are connected In series 

50 between the power supply line of about • 1.6V and tiie output terminal of the oscillation circuit 14 and voltage at tiie 
junction of the resistances R8 and R9 is applied to the base of the transistors Q2. By adopting tiiis construction, when 
the output of the oscillation circuit 14 is at the "H" level, the transistor Q1 Is turned off and the transistor Q2 is turned on 
thereby supplying energy in the color fading direction to the EC element 20. When the ou^ of the oscillation circuit 14 

is at tiie-L-level,-th transistor Ql-is turned on and the transistor Q2 ls'tumed off tii^ supplying energy in the color 

55 imparting direction to the EC element 20. Since resistances R10 and R1 1 which constitute energy supply restricting 
elements are connected in series to the transistors Q1 and Q2, supply of energy (supply of cunent) in the color imparting 
and color fading directions is restricted whereby power consumption and heating of the EC element 20 are restricted. 
Since the EC element 20 is electrically the same as capacity, time constant circuits are established witii the resistances 
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RIO and R1 1 (R10 and R1 1 are respectively 5a ) whereby speed of response in color iniparting and color lading is 
reduced. 

The oscillation signal provided by the oscillation circuit 14 is applied also to the color iniparting current change 
judgement circuit 36 and is integrated (i e.. averaged) by an integrating circuit 40 consisting of a resistance R12 and a 

5 capacitor C5. Time constant of the integrating circuit 40 is about 0.1 1 second assuming that R12 is 100 ko. R13 is 7.6 
kO. R14 is 3.6 kn and C5 is 1 \iE A comparator 42 compares the output voltage of the integrating circuit 40 with a 
reference voltage obtained by dividing voltage between the positive and negative power source voltages of + 1 .6V and 
- 1 .6V with resistances R13 and R14. When the output voltage of the integrating circuit 40 is lower than the reference 
voltage (i.e.. the duty factor of the output drive pulse of the oscillation circuit 14 is lower, in other words, the rear light 

10 quantity is larger assuming that the surrounding light quantity is constant), the comparator 42 produces an output "H" 
and. when the output voltage of the integrating circuit 40 is higher than the reference voltage (i.e., the duty factor of the 
output drive pulse of the oscillation circuit 14 is higher, in other words, the rear light quantity is smaller assuming that 
the surrounding light quantity is constant), the comparator 42 produces an output "L". the output "H" of the comparator 
42 constitutes a command which causes a drive current to be provided from the color imparting cun'ent changing EC 

IS element drive circuit 38 and the output "L" of the comparator 42 constitutes a command which prohibits outputting of 
the drive curent from the drive circuit 38. The output signal of the conparator 42 is applied to the base of the transistor 
Q3 and is supplied to the cola imparting current changing EC element drive circuit 38 through the collector of the 
transistor Q3. 

In the color imparting current changing EC element drive circuit 38, resistances R15 and R16 are connected in 
20 series between a line of the power source of + 1 .6V and the output terminal of the oscillation circuit 1 4 and the collector 
of the transistor Q3 and the base of the transistor Q4 are connected at its base to a junction of the resistances R1 5 and 
R1 6. The transistor 04 is connected at its emitter to a line of the power source of + 1 .6V and connected at its collector 
to the EC element 20 through a current restricting resistance R17. Accordingly, the transistor Q4 and the transistor Q1 
are provided in parallel between the line of the power source of + 1 .6V and the EC element 20 thereby supplying a drive 
25 current in the color imparting direction to the EC element 20. 

The operation of the color imparting current drive circuit 34 shown in Rg. 8 will be described with reference to Rgs. 
14Aand14B. 

When rear light is bright, as shown in Rg. 1 4A, the duty factor of the output pulse of the oscillation circuit 1 4 is small 
and, therefore, the output of the comparator 42 is "H" and the transistor Q3 is in an open state. Accordingly, the transistor 
30 Q4 is turned on and off repeatedly simultaneously with the transistor Q1 by the output pulse of the oscillation circuit 14 
thereby supplying, together with the transistor Q1 , a color imparting current to the EC element 20. Therefore, the current 
value of the drive pulse for the EC element 20 increases at this time and the response speed increases. This increases 
the amount of imparted color immediately to mitigate glare of light when glare suddenly comes from the rear while 
running at night 

35 When the rear light is darK as shown in Rg. 14B, the duty factor of the output pulse of the oscillation circuit 14 is 
large and, therefore, the output of the comparator 42 is "L". The transistor Q3 is on and the transistor Q4 is at rest so 
that no drive cunrent is supplied from the color Imparting current changing circuit 34. Accordingly, the current value of 
the drive pulse for the EC element 20 decreases and the response speed decreases. This prevents too frequent repetition 
of color inrparting and color fading caused by a slight change in light. 

40 The relation between the duty factor of the output pulse of the osdltation circuit and the mirror reflectivity is shown 
in Rg. 7. When the duty factor is low (i.e., when the rear light quantity is larger), the amount of change in reflectivity to 
the ch£mge in the rear light quantity is larger so that, when glare from the rear takes place suddenly at night, reflectivity 
decreases largely to mitigate glare. When the duty factor is high (i.e., when the rear light quantity is smaller), the amount 
of change in reflectivity to the change in the rear light quantity is small so that the problem caused by an excessively 

45 large change in reflectivity to a slight change in light can be overcome. 

In the above described embodiment, the drive cun'ent value is changed by adding a separate drive current route to 
an ordinary drive current route. Alternatively, the drive current value may be changed by selectively switching among 
currents routes of different drive cunrent values. Without providing a separate drive circuit, the drive current value may 
also be changed stepwisely or continuously by providing, for exanrple, a variable resistance means capable of automat- 

50 ically controlling a resistance value instead of providing the resistance RIO. 

Claims 



1.._An.automatic antiglare nnirror-fbr-avehicl with its reflectivity being variablycohtrolled by an electrochromic element 

55 comprising at least: 

rear light detection means for detecting quantity of light in the rear of the vehicle; 

coloration amount control means for controlling an amount of coloration of the electrochromic element; and 

response speed control means for controlling response speed of the electrochromic element, 

said coloration amount control means performing control of the amount of coloration in such a manner that. 
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when quantity of rear light is smaller, the amount of coloration of the electrochromic element is smaller whereas, 
when the quantity of rear light is larger, the amount of coloration of the electrochromic element is larger, and 

said response speed control means performs control of the response speed in such a manner that, when 
the quantity of rear light is smaller, the response speed of the electrochromic element in a color imparting direction 
5 is lower whereas, when the quantity of rear light is larger, the response speed of the electrochromic element in the 
color inparting direction Is higher. 

2. An automatic antiglare mirror including an electrochromic element wherein its reflectivity is variably controlled by 
driving the electrochromic element by a pulse voltage and changing duty factor of the pulse voltage in response at 

10 least to quantity of rear light so that, when the quantity of rear light is smaller, an amount of coloration of the elec- 
trochromic element is smaller whereas, when the quantity of rear light is larger, the amount of coloration of the 
electrochromic element is larger, said automatic antiglare mirror comprising reflectivity change ratio changing means 
for changing ratio of change in the reflectivity to the duty factor of the pulse voltage in such a manner that, when a 
duty factor in a color imparting direction Is smaller or a duty factor in a color fading direction is larger, the ratio of 

IS change in the reflectivity to the duty factor is smaller whereas, when the duty factor in the color imparting direction 
is larger or the duty factor in the color fading direction is smaller, the ratio of change in the reflectivity to the duty 
factor is larger. 

3. An automatic antiglare mirror including an electrochromic element wherein its reflectivity is variably controlled by 
20 driving the electrochromic element by a pulse voltage and changing duty factor of the pulse voltage in response at 

least to quantity of rear light so that, when the quantity of rear light is smaller, an amount of coloration of the elec- 
trochromic element is smaller whereas, when the quantity of rear light is larger, the amount of coloration of the 
electrochromic element is higher, said automatic antiglare mirror comprising current value control means for con- 
trolling a current value of the pulse voltage driving the electrochromic element in such a manner that, when the 
25 quantity of rear light is smaller, the current value of the pulse voltage in a color imparting direction is smaller whereas, 
when the quantity of rear light is larger, the cunrent value is larger. 

4. An automatic antiglare mirror as defined in claim 3 wherein said cunrent value control means controls the cun'ent 
value in response to the duty factor of the pulse vojtage.. . . 

30 ~ " 
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FIG. I 
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FIG. 2 
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FIG. 5 
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FIG. 7 
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FIG. 13 
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